ABSTRACT: Growth, bone, and body composition were studied at prepuberty in former very low birth weight (VLBW) infants who received dexamethasone (DEX) for bronchopulmonary dysplasia (BPD) compared with VLBW infants without DEX and term-born infants (TERM) to identify early life risk factors for later low bone mass. Children (56 girls/63 boys, 5-10 y) previously studied in neonatal life were recruited into three groups: VLBW ϩ DEX, VLBW -DEX, and TERM children. Anthropometry and whole body bone, fat, and lean mass were measured. At prepuberty, the average height and weight for VLBW ϩ DEX group were significantly lower than that for VLBW -DEX and TERM. Both VLBW groups had lower bone mass even adjusted for height and lean mass than TERM children and lower lean mass both total and adjusted for height. Z-scores for whole body bone mineral content below -1.5 occurred in 27.9% of VLBW ϩ DEX children. The key factors for low bone mass were earlier gestational age and having BPD with DEX in neonatal life. In former VLBW infants, growth and bone mass attainment before puberty can be predicted from early life variables. VLBW ϩ DEX children may be protected from overweight, but are at risk for short stature and low bone mass. V LBW infants often develop BPD and, in the early 1990s, DEX was frequently prescribed to improve pulmonary compliance and facilitate earlier weaning from the ventilator. As a glucocorticoid, DEX alters skeletal metabolism (1,2), induces protein catabolism, decreases lean mass (3), and increases fat accumulation sometimes leading to obesity (4). DEX therapy is associated with growth restriction in infants (5). Preterm BPD infants who were treated with DEX demonstrated impaired growth, with a lower whole body fat and lean mass than healthy term infants during the first year of life (6). Compared with nonsteroid-treated VLBW control infants, the VLBW infants treated with DEX for BPD also showed lower weight and shrinkage of the lower leg length (7). In our previous studies in both VLBW infants (8,9) and infant piglets (1,10), growth in weight, length, and bone mass was compromised by DEX administration in early life, although in the human infants the effects of BPD and ventilatory history may also contribute.
V LBW infants often develop BPD and, in the early 1990s, DEX was frequently prescribed to improve pulmonary compliance and facilitate earlier weaning from the ventilator. As a glucocorticoid, DEX alters skeletal metabolism (1, 2) , induces protein catabolism, decreases lean mass (3) , and increases fat accumulation sometimes leading to obesity (4) . DEX therapy is associated with growth restriction in infants (5) . Preterm BPD infants who were treated with DEX demonstrated impaired growth, with a lower whole body fat and lean mass than healthy term infants during the first year of life (6) . Compared with nonsteroid-treated VLBW control infants, the VLBW infants treated with DEX for BPD also showed lower weight and shrinkage of the lower leg length (7) . In our previous studies in both VLBW infants (8, 9) and infant piglets (1, 10) , growth in weight, length, and bone mass was compromised by DEX administration in early life, although in the human infants the effects of BPD and ventilatory history may also contribute.
The long-term consequences of exposure to exogenous steroid drugs in infants and children are just beginning to be evaluated. In a 3-y follow-up study (11) , physical growth outcomes were not impaired in neonates who received tapering doses of DEX for 7 d. However, in children with acute lymphoblastic leukemia (ALL), DEX therapy was associated with suppressed short-term linear growth and bone turnover (12) . The long-term sequences of steroid therapy in survivors of ALL sometimes manifest as reduced growth and bone mass (13) , yet such findings are not consistent (14) .
We hypothesized that in our study population both VLBW and DEX therapy in early life present risk factors for restricted growth, altered body composition and delayed bone mineralization in later life. The present study was designed to assess status of growth and body composition in former VLBW infants who were treated with DEX for BPD and who are currently at prepubertal age. Growth attainment and bone, fat and lean mass were compared between children who were born prematurely and with VLBW but were or were not treated with DEX, and with children who were born at term and appropriate for gestational age.
METHODS

Subjects.
Subjects were recruited by letters of invitation sent to parents of former premature and term infants (most all were Caucasian) who participated in nutrition trials, predominantly of formula feeding, conducted in our laboratory when they were infants at McMaster Children's Hospital in Hamilton and were followed to 1 y corrected age. In total, 339 letters were sent and 140 replied (135 consented/5 denied). There were 65 letters returned as "address unknown" and 134 letters received no response. Finally, one hundred and nineteen children (56 girls and 63 boys, 5-10 y) were agreed to participate in the single visit appointment. The subjects were allocated to one of three groups: VLBW ϩ DEX group (n ϭ 47) were children who had birth weight Ͻ1500 g and were treated with at least one full course (7 d) of DEX for BPD during the neonatal period; VLBW-DEX group (n ϭ 36) were children who were born preterm and also had birth weight Ͻ1500 g, but without BPD and did not receive DEX; and the TERM group (n ϭ 36) were normal healthy children who are of similar age and gender as the two preterm groups but who were born at term and with birth size appropriate for gestational age. For the VLBW ϩ DEX group, DEX was prescribed as a tapered dosing regimen, as detailed in the original publications (8, 9, 15) with mean cumulative doses ranging from 6 to 8 mg. This study was reviewed and approved by the Research Ethics Board of McMaster University and informed consent was obtained from parents of all subjects.
Growth measurements. The subjects' body weight and height were measured wearing clothing, but without shoes using a standard medical stadiometer. The results were plotted on the most recent reference growth standards from the Center for Disease Control and Prevention (16) , from which the values of height-for-age percentile and weight-for-age percentile were obtained. The Z-scores of height and weight were calculated with ANTHRO software (Version 1.02, CDC/WHO). From the anthropometric measurements, body mass index (BMI) was calculated. Tanner stage of all subjects was self-assessed according to validated self-administered tool with photographs (17) . To confirm the accuracy of the self-administered method, Tanner stage was reassessed by a pediatric endocrinologist (J.V.) in 20 of the subjects and the physician determination of Tanner stage was consistent with the results of self-assessment. The height of biologic parents was obtained by self-report.
Analysis of calcium intake and physical activity. Information regarding calcium intake and physical activity status was obtained by questionnaires. Daily calcium (Ca) intake from foods and supplements was evaluated by a quick quantity method based on a validated food frequency questionnaire reflecting 1-y diet (18) . The method of activity assessment was adapted from Hay and Cairney (19) , in which activity score was calculated based on a scale of -100 (100% inactive) to ϩ100 (100% active).
Body composition and bone mass measurements. Bone mass of the 1st-4th lumbar vertebrae and whole body bone, fat, and lean mass were assessed using DXA (Hologic QDR1000W, Waltham, MA). The software used was V4.76P for spine analysis and V5.73 for whole body analysis. Five children did not complete the DXA as they were unable to lie still during the scan. Quality control for the DXA machine was performed using a phantom spine. For practical and ethical reasons, all DXA measurements in children were a single scan. WBBMC Z-score was calculated using reference values for children from the web database (www.bcm.tmc.edu/bodycomlab/) (20) and the absolute values were adjusted for lean mass, height, and bone area and to remove the BMC attributed to the head region. As suggested by Wells and Cole (21) , fat mass index [FMI ϭ fat mass (kg)/height (cm) (2)] and fat free (lean) mass index [FFMI ϭ lean mass (kg)/height (cm) (2)] were calculated. Also, percentages of fat, lean, and WBBMC were calculated as a function of total mass of the specific compartment divided by total body weight. Values for bone and body composition from birth to 1 y corrected age were obtained from our research records of DXA scans with the same instrument in our laboratory during the nutrition studies in early life. A standard questionnaire was used to obtain information on bone fracture during childhood and use of steroid drugs after early neonatal life. Cumulative steroid dose in infancy was recorded from neonatal charts when the infants were enrolled in the nutrition studies in the first year life.
Statistical analysis. For each outcome measurement, mean and SD were calculated. t Test, one-way ANOVA, analysis of covariance (ANCOVA) using age as a covariate, and 2 analysis were used to compare the difference in the outcomes between the three groups. Post hoc analysis was performed using Bonferroni multiple comparison test. Simple linear regression analysis was performed to investigate the relationship between current outcomes with growth, body composition, and bone mass in early infancy. To evaluate factors predictive of bone mass at prepuberty, stepwise regression analysis was conducted with current WBBMC Z-score as the dependent variable. All analyses were done using Prism (GraphPad Software, San Diego, CA), NCSS 2000 (NCSS Statistical Software, Kaysville, VT), and SPSS 11.0 (SPSS Inc., Chicago, IL) software and differences were considered significant if p Ͻ 0.05.
RESULTS
There were no significant differences in the mean ages between the VLBW ϩ DEX group and TERM group, but the VLBW ϩ DEX group was 1.1 y older than VLBW -DEX group (Table 1) . Based on the self-evaluation, there were 12 girls (7 in the VLBW ϩ DEX group, 1 in the VLBW -DEX group, and 4 in the TERM group) with Tanner Stage Ͼ1 (girls rated their breast and pubic hair development using schematics of 5 Tanner stage) and there were 4 boys (3 in the TERM group and 1 in the VLBW ϩ DEX group) with Tanner stage Ͼ1. The male/female ratio was balanced within the three groups. The three groups had a similar calcium intake and the heights of biologic parents were similar (Table 1) . Significantly lower activity was observed for the VLBW ϩ DEX children compared with the VLBW -DEX children (Table 1) . Hairline fractures occurred in 4 children (2 in VLBW ϩ DEX group and 2 in TERM group). Occasional use of inhaled steroids occurred in 34 children (40% in the VLBW ϩ DEX group, 28% in the VLBW -DEX group and 14% in the TERM group; p ϭ 0.0013).
Height. As a group, height for the VLBW ϩ DEX children was 9.0 cm shorter than TERM children (Table 1) . Mean height Z-score of the VLBW ϩ DEX children was significantly lower than that of both VLBW -DEX and TERM children (Figure 1a) . The VLBW -DEX children also had significantly lower height Z-score than TERM children. The incidence of short stature (defined as height-for-age Ͻ10th percentile) for the VLBW ϩ DEX group was 19.1%, which was significantly higher than both the VLBW -DEX group at 2.8% and the TERM group at 5.6% (Table 1) .
Weight and BMI. The mean weight for the VLBW ϩ DEX group was 7.0 kg lighter than the TERM group (Table 1) . Mean weight Z-score of the VLBW ϩ DEX group was significantly lower than that of both VLBW -DEX and TERM groups (Fig. 1b) . Also, the VLBW -DEX group had significantly lower weight Z-score than the TERM group. BMI was similar between the two VLBW groups. However, only VLBW ϩ DEX group had a significantly lower BMI than the TERM group (Table 1) . 
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Relationship of body weight and height between prepuberty and early infancy. According to the available growth records of these children during neonatal life, the VLBW ϩ DEX group demonstrated significantly lower birth weight (BW) and younger gestational age than the VLBW -DEX and TERM children (Table 1) . For the combined VLBW groups, height Z-score at prepuberty was associated with body length at term and 1 y corrected age (Fig. 2, a and b) , and body weight at 1 y corrected age was predictive of body weight Z-score at prepuberty (Fig. 3) .
Fat and lean mass at prepuberty. Using age as a covariate, the VLBW ϩ DEX group had lower mean fat and lean mass than the TERM group both in absolute mass and as FMI and FFMI, while there was no difference between the two VLBW groups (Table 2) . Compared with the TERM group, the VLBW -DEX group had lower FFMI, but not FMI (Table 2) . There were no differences in FMI and FFMI between boys and girls at prepuberty. Fat and lean mass as a percentage of total body weight were similar between the three groups. Compared with the normal range for percentage body fat for different ages of children (21) , 19% of children from VLBW ϩ DEX group were overweight, 31% of the VLBW -DEX and 40% of the TERM children were overweight (VLBW ϩ DEX versus TERM group, p ϭ 0.04). Only three boys in total from the VLBW groups were classified as obese.
Relationship of fat and lean mass between prepuberty and early infancy. Based on our previously available records on fat and lean mass for the combined former VLBW preterm children, at term corrected age, the VLBW ϩ DEX and VLBW -DEX infants had similar FMI and FFMI (Table 3) .
At 1 y corrected age, the VLBW ϩ DEX infants had lower FMI but not FFMI compared with VLBW -DEX infants. At prepuberty, FMI did not correlate with measures at term or 1 y corrected age. However, there was a significant correlation in FFMI between 1 y corrected age and prepuberty (p Ͻ 0.0001, r ϭ 0.66, n ϭ 31).
Whole body and lumbar spine bone mass at prepuberty. Bone mineral content and bone area in both whole body and lumbar spine were similar between the VLBW groups but significantly lower than TERM children (Table 2) . After adjustment of WBBMC, for height, for bone area and after subtracting the BMC of the head region with or without adjustment for lean mass (Table 2) , lower bone mass for both former VLBW groups compared with TERM children was still evident. For WBBMC/lean, the lower value in VLBW without DEX did not reach statistical significance ( Table 2 ). The z-scores for WBBMC in both VLBW groups were also lower compared with TERM groups (Fig. 4) . The incidence of low bone mass (WBBMC Z score Ͻ-1.5) was greater in VLBW ϩ DEX children (27.9%) than the VLBW -DEX (19.4%) or TERM children (8.6%).
Relationship of bone mass between prepuberty and early infancy. Because infant WBBMC Z-scores cannot be calculated from the pediatric database (age limitation as 2-22 y old) (20) , we did the bone mass correlation with WBBMC adjusted for total body weight. The subjects' WBBMC at term corrected age was associated with the WBBMC at prepuberty (Fig. 5) .
Predictive factors of WBBMC Z-score for former preterm infants at prepubertal age. Among factors at the time of study (body height, weight, calcium intake, physical activity), at 
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GROWTH AND BONE VLBW CHILDREN early life (birth weight, gestational age, having BPD with DEX treatment, WBBMC values at term and 1 y corrected age), and genetic related (parents height), we found that earlier gestational age was the main contributor to low bone mass for boys at prepuberty (Table 4) . For girls, current height Z-score, having BPD with DEX treatment in early infancy, WBBMC at 1 y corrected age and mother's height were significantly associated with WBBMC Z-score at prepuberty (Table 4 ).
Stepwise regression showed that current height Z-score was the significant predictor of low WBBMC Z-score for girls at prepuberty (Table 5 ). Mother's height and having BPD with DEX treatment were the two predictive factors for height Z-score of girls (data not shown).
DISCUSSION
Growth.
At prepubertal age, the children who were the smallest former VLBW infants and who had severely compromised lung function and required therapy with steroid drugs in early neonatal life were still shorter and lighter in physical growth than term born children and age and gendermatched former preterm VLBW infants who had not received DEX. Depending on gender, predictive factors identified as contributors to the observed growth failure included extreme low birth weight, a residual effect of intervention with DEX for 7 d or more in early life as was clinical practice at the time (8, 9, 15) , and/or a lesser nutritional and general health status due to extreme prematurity. Because it is unlikely to find a true VLBW comparison group of children with similar severity of lung disease but without DEX treatment, the etiology of the growth failure cannot be fully attributed to neonatal exposure to DEX. However, our study provides evidence that BPD and treatment with DEX in early life in VLBW infants are markers for particular risk of sub-optimal growth and bone mass before puberty.
Significant correlations between birth size and growth in early life with growth attainment at prepuberty support the theory that growth in later life was programmed by intrauterine and neonatal life. Our follow-up measures of growth are consistent with previous observations of incomplete catch-up growth in preterm children compared with their term peers (23, 24) . Specific to VLBW premature infants (gestational age Ͻ29 wk) with or without BPD, Korhonen et al. (25) found both groups to be similarly shorter and lighter compared with 114 term infants at 7 y of age but there were no differences in growth between the former BPD or non-BPD groups. If BPD per se does not have long-term consequences to height growth, then the observed significantly lower height percentile in the VLBW ϩ DEX group with a BPD history may relate more to the neonatal DEX treatment or their extreme low birth weight. This supports our previous observation of compromised height growth in DEX treated VLBW infants at term and 6 mo corrected age (8) . Body composition. Low birth weight may predict the risk of cardiovascular disease, hypertension, or diabetes (26, 27) in adult life. As it is speculated that the relative proportion of fat to lean mass is an important predictor of these diseases, it is of interest to track development of body composition in VLBW infants. Our longitudinal measures of fat and lean mass in the two VLBW groups of children were conducted with the same DXA instrument at three time points: term corrected age, 1 y corrected age, and prepuberty. At term corrected age, there was a similar fat mass but significantly lower lean mass (p ϭ 0.03) for the VLBW ϩ DEX group compared with VLBW -DEX. The study by DeRegnier et al. (28) observed less arm fat and muscle accretion at 1 mo of age in VLBW infants with BPD. The difference perhaps relates to DEX therapy for BPD infants in our study but not in DeRegnier's study (28) , because DEX administration may elevate serum leptin level, which regulates energy balance and correlates with body fat mass (29) . However, by 1 y corrected age, lower fat mass in DEX-treated compared with nontreated infants was consistently observed in both studies.
The proposal for programming of lean body mass from intrauterine life based on birth weight (30) fits with our observations of lower FFMI in both VLBW groups at prepuberty compared with the TERM group. In slightly older (8 -12 y) former preterm infants (Ͻ1850 g), a significantly lower FMI, but not FFMI was observed (31) . The difference in findings may relate to the extremely low birth weight in our VLBW ϩ DEX group. Such small size at birth may also manifest as subsequently reduced FMI in addition to FFMI. The long-term health implications of variation in body composition during childhood are as yet unproven but several theories have been postulated. Lower FMI at 8 -12 y was proposed as protective against becoming overweight in later life (30) . A lower FFMI may reflect a reduced metabolically active compartment with reduced glucose uptake and resulting insulin resistance (31) . In contrast, Peralta-Carcelen et al. (32) reported that extremely LBW children had similar body composition compared with the term control children at adolescence after adjustment of body composition for weight. This illustrates the different methods used to interpret body composition could lead to different results. Clearly, longer-term follow-up of former preterm infants into young adulthood and beyond is essential before variation in body composition can be related to later health outcomes.
Bone accretion. Reduced bone mass of preterm children was still evident after adjustment of WBBMC to remove the BMC attributed to the head, and when expressed as a function of height, lean mass, or bone area, a finding that contrasts with reports of formerly preterm infants having appropriate bone mass for their small body size at 12-20 y of age (33, 34) . The remarkable delay in bone mass accretion for the preterm children was attributable to their lung disease with steroid therapy in early life and/or their earlier gestational age, and possibly greater exposure to inhaled steroids in childhood. A strong positive correlation was also observed between growth in early infancy and bone accretion in childhood (35) . The impact of the observed growth delays on achieving genetic potential for adult height and peak bone mass, or risk of adult-onset osteoporosis, is only speculative for this population. However, follow-up studies in former premature infants in peri-puberty (34, 35) , adolescence (33) , and young adulthood (36) have consistently demonstrated height growth below expected (33) (34) (35) (36) and low bone mass for age although proportional to height or lean mass (33) (34) (35) . As none of the reported studies included children who had received DEX in neonatal life, follow-up of our cohort in young adulthood will be necessary. The sexual dimorphism observed in bone status at prepuberty may be related to genetic influence as it appeared that fathers' genetic factors had more impact on boys than girls. A differential effect of sex steroids (i.e. estrogen effects) on bone is not likely at this prepubertal age.
To achieve peak bone mass and attain catch-up growth in non-GH-deficient children of short stature, interest is emerging in the use of recombinant GH treatment. In children born small for gestational age (SGA), 3 y of GH treatment resulted in a normalization of height and a proportionate increase in bone maturation (37) . In our previous study in growing piglets (38) , GH therapy given concurrently with DEX partially attenuated DEX-induced body weight and length growth and low bone mineral content and bone density. The efficacy of GH therapy, either concomitant or subsequent to steroids, for infants and children treated with steroid drugs, will require future investigation.
In summary, many VLBW infants do not achieve optimal growth and body composition even after 6 to 9 y. With the emerging evidence that abnormal body composition may be indicative of altered metabolic pools and a marker for risk of morbidity in later life, continuous assessment of growth and body composition of former VLBW infants through to adult life is warranted.
